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sINTRODUCTION
With technical improvement and progres-
sive availability of brain imaging tech-
niques, more coincidental brain lesions are
being diagnosed. Often the location of
these lesions is not correlated to the pre-
senting symptoms, and surgical treatment
is not indicated. Cerebrospinal ﬂuid (CSF)–
containing cysts at the level of the choroidal
ﬁssure are rare embryological entities, and
literature addressing them is scarce. Only
one series speciﬁcally describing choroidal
ﬁssure cysts has been published (19).
Based on our experience and a study of
the literature, we discuss anatomical and
embryological location, imaging character-
istics, presenting symptoms, and treatment
indications of these lesions.
CASE SERIES
To study the long-term outcome of patients
diagnosed with a supratentorial CSF-con-
taining cyst, we retrospectively studied the
combined patient databases of the depart-
ments of neurosurgery, pediatric neuro-
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704 www.SCIENCEDIRECT.comdentiﬁed 81 patients harboring 86 supra-
entorial intracranial cysts diagnosed and
reated from 1984 to 2010. We identiﬁed a
ubgroup of six patients with a CSF-con-
aining cyst at the level of the choroidal ﬁs-
ure (7.4%). In these six patients, the symp-
oms for which magnetic resonance (MR)
maging was performed varied: in three pa-
ients, a headache syndrome was the clini-
al problem; in one, MR was performed for
earning disabilities. Other symptoms in-
luded attention deﬁcit hyperactivity disor-
er (ADHD), narcolepsy, and suspicion of
ild spastic paresis.
In ﬁve patients, the CSF-containing cyst
as located at the level of the right choroi-
al ﬁssure. All cysts were rather small (30
m diameter, Table 1) and were visualized
s T2 hyperintense, T1 or ﬂuid attenuation
nversion recovery hypointense, sharply de-
ineated lesions with or without mild com-
 BACKGROUND: Cerebrospinal fluid
choroidal fissure are rare embryologi
literature because of their benign natu
present an overview of the literature a
location, imaging characteristics, pres
of these lesions.
 METHODS: We identified, in a ret
patients harboring 86 supratentorial
CSF-containing cyst at the level of the
symptoms were mild and the cysts we
of the patients was treated surgica
radiological follow-up. We performed
choroidal fissure cysts in particular.
 RESULTS: Only one large study pure
found in the literature.
 CONCLUSIONS: CSF-containing cys
be of the arachnoid or the neuroepithe
a CSF-containing cyst at this specific
infrequently they are symptomatic,
necessary.ression on the surrounding brain struc- m
WORLD NEUROSURGEures, but without perilesional edema. In
wo cases, contrast studies were performed
howing absence of gadolinium enhance-
ent. These contrast studies did illustrate
he location of the cysts in relation to the
horoid plexus (Figure 1).
In all patients, the cysts were regarded as
nsufﬁcient to explain the presenting symp-
oms, and they were described as fortuitous
iagnoses. Imaging follow-up in all pa-
ients, varying from a single MR scan to 18
ears of follow-up with MR scans at 6
onths, 1 year, and 2 years, demonstrated
otal absence of progression of the lesions.
onservative symptomatic treatment was
ndicated. At long-term clinical follow-up,
hree patients required special education
ecause of their presenting symptoms (nar-
olepsy, ADHD, learning disabilities, and
eadache). The childwith suspicionofmild
pastic paresis had normal motor develop-
F)–containing cysts at the level of the
ntities infrequently described in the
On the occasion of a case series, we
iscuss anatomical and embryological
g symptoms, and treatment indication
ective study of a database with 81
acranial cysts, six patients with a
roidal fissure. In all cases, presenting
nsidered a fortuitous diagnosis. None
and the cysts remained stable at
erature search for cerebral cysts and
ddressing choroidal fissure cysts was
the level of the choroidal fissure may
type, but pathological confirmation of
tion has never been published. Very
surgical treatment is hardly ever(CS
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LARS DE JONG ET AL. CHOROIDAL FISSURE CSF-CONTAINING CYSTSDISCUSSION
Embryology and Anatomy of the
Choroidal Fissure
At an early embryologic stage, the cerebral
hemispheres consist largely of a single cav-
ity, the primitive lateral ventricle, enclosed
by a thin wall from which the cortex of the
hemispheres will develop. An asymmetric
expansion of this vesicle follows, mostly
upward andbackward to cover andprogres-
sively overlap the diencephalon.
With the expansion of the vesicle, its cav-
ity follows in three directions representing
future lateral ventricle horns: frontal, occip-
ital, and temporal. The roof plate of the
primitive forebrain, lined with epithelium,
will invaginate into the lateral ventricle via
the medial wall of the hemisphere. This
process leads to the formation of the cho-
roidal ﬁssure,which extends from the inter-
ventricular foramen to the posterior end of
the primitive ventricular system.
Mesodermal tissue, carrying blood ves-
sels with it, migrates into the invaginated
fold to form the tela choroidea. The borders
of the tela become more and more vascular-
ized and form the choroid plexus, which
ﬁlls a large part of the ventricular cavities in
this stage. By the down and forward growth
of the posterior end of the vesicle, to form
the temporal lobe, the choroidal ﬁssure ﬁ-
nally reaches from the interventricular fora-
men to the extremity of the inferior horn of
the ventricle (15, 4).
The choroidal ﬁssure is thus the ﬁssure
between the tenia fornicis and tenia cho-
roidea and is locatedbetween the fornix and
Table 1. Six Patients With a Cerebrospin
Choroidal Fissure
Patient
Age at
Diagnosis
(months)
Left or Right
Choroidal
Fissure
P
S
1 7 Right Suspicio
spast
2 84 Right ADHD
3 108 Right Headac
diffic
4 180 Right Headac
5 180 Left Headac
6 84 Right Narcole
ADHD, attention deficit hyperactivity disorder; SE, specialthe thalamus in themedial part of the lateral
WORLD NEUROSURGERY 75 [5/6]: 704-7entricle. It is divided into three parts: (a) a
orpus portion situated in the corpus of the
ateral ventricle between the corpus of the
ornix and the thalamus, (b) an atrial part
ocated in the atrium of the lateral ventricle
etween the crus of the fornix and the pulv-
nar, and (c) a temporal part situated in the
emporal horn between the ﬁmbriae of the
ornix and the posterior part of the internal
apsule. The tela choroidea arises from the
eniae, invaginates through the choroidal
ssure, and passes into the temporal horn,
here it gives rise to the choroid plexus (11,
2, 22). Figure 2 shows a coronal section
through the thalamus and hippocampus of
a left hemisphere of a dissected brain spec-
imen demonstrating the anatomy of the
choroidal ﬁssure (Figure 2).
Differential Diagnosis of a Cystic Lesion
at the Level of the Choroidal Fissure
Thedifferential diagnosis of cysts located at
the level of the choroidal ﬁssure consists
mainly of arachnoid or neuroepithelial
cysts; however, cystic neoplasm, (epi-) der-
moid cysts, and parasitic cysts are possible.
Focal temporal lobe atrophy could lead to
enlargement of the choroidal ﬁssure simu-
lating a cyst (19).
When the imaging diagnosis of a cystic
lesion at the level of the choroidal ﬁssure is
made, the main objective is the differentia-
tion between benign lesions such as CSF-
containing cysts and lesions with a clear
indication for active treatment (cystic neo-
plasm or infectious cysts). The differential
id-Containing Cyst at the Level of the
ting
ms
Cyst Size
(mm)
Outcome (motor
and educational
level)
ild
esis
32  26  14 Normal
16  14  13 SE
learning 11  8  9 SE
23  17  19 Normal
25  25  18 Normal
9  15  22 SE
ion.diagnosis can be made with computed to-
08, MAY/JUNE 2011 wwmographic (CT) and MR imaging, the latter
being far superior.
Cystic brain lesions can be divided into
three groups based on the MR images: a
CSF-like intensity pattern of water; apro-
teinaceous or intermediate intensity pat-
tern; and a high-intensity pattern character-
istic of hemorrhage or colloid cyst (7). In
this way, CSF-containing cysts can be dif-
ferentiated from other cystic lesions. Other
characteristics of CSF-containing cysts in-
clude no detectable wall or associated soft-
tissue mass, homogeneous consistency,
absence of surrounding edema or gliosis,
and lack of contrast enhancement (5).
Temporal intraventricular cysts can be
differentiated from choroidal ﬁssure cysts
by determining the position of the choroid
plexus in relation to the cyst. Choroidal ﬁs-
sure cysts will displace the choroid plexus
laterally, whereas intraventricular cysts will
displace the choroid plexus medially (16)
(Figure 3).
Differentiation between neuroepithelial
and arachnoid CSF-containing cysts at the
level of the choroidal ﬁssure can only be
made by histopathological examination.
Because cysts located strictly at the level of
the choroidal ﬁssure are usually small and
asymptomatic, they are very rarely treated
surgically. Therefore, follow-up with regu-
lar imaging will be suggested. It is un-
known, however, what the exact frequency
of these surveillance scans should be and
when follow-up can be stopped.
Cyst Formation: Histopathological
Differences Between Arachnoidal and
Neuroepithelial Cysts
Although pathological conﬁrmation of
cysts at the level of the choroidal ﬁssure has
never been published, many reports are
available describing arachnoidal and neu-
roepithelial cysts at other locations such as
the cerebral parenchyma or the ventricular
space.
Cyst Formation: Arachnoid Cysts. The wall of
an arachnoid cyst consists of meningothe-
lial cells lining a ﬁbrous connective tissue
membrane. Immunohistochemistry stud-
ies show expression of epithelial mem-
brane antigen, but for neuroepithelial
markers such as Glial ﬁbrillary acidic pro-
tein and S-100, they are characteristicallyal Flu
resen
ympto
n of m
ic par
he and
ulties
he
he
psynegative (3).
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LARS DE JONG ET AL. CHOROIDAL FISSURE CSF-CONTAINING CYSTSThe precise mechanism of development of
intracranial arachnoid cysts is still uncertain.
They can be of the primary (developmental) or
secondary (trauma or infection) type. There are
severaltheoriesregardingthemechanismofde-
velopment of primary arachnoid cysts. Stark-
man et al. (20) postulated that cysts form as a
result of aberrant splitting and duplication in
thearachnoidmembrane,thusformingacystin
the arachnoid layer. This theory has been con-
Figure 1. Patient 1 (A, B). Axial MR T1 and T1 w
showing a cyst at the level of the right choroida
displacement of the choroid plexus of the temp
gadolinium enhancement. Patient 2 (C, D), patie
(K, L). Axial and coronal MR T1 and T2 images s
of the right choroidal fissure. Patient 4 (G, H). Aﬁrmed by pathological studies that demon- i
706 www.SCIENCEDIRECT.comtrated splitting of the arachnoid membrane at
hemarginofthecyst(17)andshowedadistinct
ubarachnoid space between the cyst wall and
he pia-arachnoid (8). Because most arachnoid
ysts have a clear association with normal sub-
rachnoidcisterns, it issuspectedthat theyarise
uring normal arachnoid space development
hen ﬂuid develops in the subarachnoid space
t the 15thweek of gestation after development
fthedura,arachnoid,andpiafromlooseprim-
trast images
re with posterior
rn and lack of
, F), and patient 6
g a cyst at the level
R T1 and T1 with
contrast images show
communicating with th
enhancement, and the
Axial CT without and w
the left choroidal fissu
tomography; MR, magtive mesenchyme surrounding the neural tube c
WORLD NEUROSURGE16). Another theory was offered by Robinson
18)assumingmiddlecranialfossacyststoform
n response to temporal lobe agenesis, thus
ormingacyst in thesubarachnoidspace.
For intraventricular arachnoidal cysts,
ther theories regarding pathogenesis have
een postulated. Yeates and Enzmann (23)
resented the ﬁrst report of an intraventric-
lar arachnoid cyst and stated that the cyst
robably arose from the vascular mesen-
cyst at the level of the right choroidal fissure
bient cistern. There is no gadolinium
id plexus is displaced laterally. Patient 5 (I, J).
ontrast images showing a cyst at the level of
hout contrast enhancement. CT, computed
resonance.ith con
l fissu
oral ho
nt 3 (E
howin
xial M
ing a
e am
choro
ith c
re wit
netichyme of the primitive choroid plexus,
RY, DOI:10.1016/j.wneu.2010.12.056
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LARS DE JONG ET AL. CHOROIDAL FISSURE CSF-CONTAINING CYSTSwhich by invaginating into adjacent brain
picked up an outer covering of glial tissue.
In contrast to this, Nakase et al. (14) stated
that intraventricular cysts may arise from
the arachnoid layer brought with the vascu-
lar mesenchyme when it invaginates via the
choroidal ﬁssure. Both theories are based
on a possible defect of the normal invagina-
tion of the primitive choroid plexus into the
temporal horn via the choroidal ﬁssure.
Therefore, cysts at the level of the choroidal
ﬁssure may well be arachnoidal cysts that did
not migrate as far as into the temporal horn.
Cyst Formation: Neuroepithelial Cysts. Differ-
ent names have been used to describe these
cysts: epithelial cysts, ependymal cysts, cho-
roidplexus cysts, choroid-epithelial cysts, ep-
ithelium-lined cysts, and subarachnoid-
ependymal cysts. The reason for this is the
heterogeneity of histopathological ﬁndings
in these cysts with the uniform characteristic
of a neuroepithelial lining. Expression of the
normal variation of this neuroepithelium
could explain the presence of cell organelles
(e.g., cilia), or different cell types, within a
given cyst at variable locations (3).
Figure 2. Coronal section through the left hemisp
callosum; CF (red arrow), choroidal fissure; CPb,
body of the lateral ventricle; CPt, choroid plexus
the lateral ventricle; CN, caudate nucleus; F, fro
fimbrae hippocampi; Fx, fornix; Hc, hippocampu
lateral ventricle; Th, thalamus; OT, optic tract.This regional variation has led to a e
WORLD NEUROSURGERY 75 [5/6]: 704-7division into four
subcategories: (a)
those arising from
the primitive ec-
toderm: dermoid
and epidermoid
cysts; (b) those aris-
ing from stomodeal
ectoderm, such as
Rathke’s cleft cysts
and hypophyseal
duct cysts; (c) those
arising from the
endoderm, includ-
ing neurenteric
cysts; and (d) those
arising from the
neuroectoderm,
such as ependymal
cysts and colloid
cysts of the third
ventricle (1).
Hirano et al. (6)
suggested the term
neuroepithelial cyst
for structures that
have the features
of both primitive
ependyma and cho-
roid plexus. Most
ommonare cystsof the choroidplexus.They
re typically small and asymptomatic and are
sually discovered incidentally or at autopsy.
he lining is variable, but typically consists of
olumnarepitheliumwithan intactbasement
embrane (3). Ependymal cysts areneuroep-
thelial cysts, typically found in thewhitemat-
er of the temporoparietal and frontal lobes.
hese cysts are lined by columnar or cuboidal
pithelium, with or
ithout cilia, but
ithout a basement
embrane (3).
A possible expla-
ation of cyst for-
ation could be
pinching off” of an
pendymal divertic-
lum, giving rise to
n isolated ependy-
al lined cavity
ithout basement
embrane (epen-
yma has no base-
ent membrane).
his is called a true
CC, corpus
id plexus of the
e temporal horn of
rn (body); Fi,
emporal horn of the
Figure 3. Coronal and enpendymal cyst. An-
right choroid plexus (red arro
08, MAY/JUNE 2011 wwther possibility could be sequestration of
euroectoderm and vascular pia mater creat-
ng an ependymal-like cyst (1). Located at the
evel of the choroidal ﬁssure, cysts by deﬁni-
ionhaveaclose relationshipwith thechoroid
lexus of the temporal horn, and they may
ell be choroid plexus cysts.
To better understand the nature of these
SF-containing cysts, it could be suggested
hat cysts found at autopsy should be stud-
ed thoroughly with histopathological tech-
iques and electron microscopy, so differ-
ntiation can be made between arachnoid
r neuroepithelial cysts.
ymptomatology and Surgical Indication
s mentioned earlier, solitary CSF-contain-
ng cysts at the level of the choroidal ﬁssure
re small and usually noncompressive le-
ions. They are almost always interpreted as
fortuitous ﬁnding, and surgical treatment
s usually not necessary. The largest radio-
ogical series described by Sherman et al.
19) underlines this. They describe 26 pa-
ients diagnosed with a cystic lesion at the
evel of the choroidal ﬁssure, all asymptom-
tic. Five patients underwent imaging stud-
es for complex migraine headache syn-
romes. In our series, three patients
resented with a headache syndrome. Be-
ause solitary choroidal ﬁssure cysts will
ot lead to obstruction of liquor dynamics
nd are not related to the meninges, their
resence in patients with headache will al-
ost always be coincidental.
Sporadically, choroidal ﬁssure cysts may
e found in patients with complex partial
pileptic seizures, as described by Morioka
t al. (10) andTamayo et al. (21). In contrast,
T1 image showing a cyst medial to the displacedhere.
choro
of th
ntal ho
s; T, tlarged
w) excluding an intraventricular localization.
w.WORLDNEUROSURGERY.org 707
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LARS DE JONG ET AL. CHOROIDAL FISSURE CSF-CONTAINING CYSTSArroyo et al. (2) describe a series of 17 pa-
tients with epilepsy and an arachnoid cyst.
Nine of these cysts were located at the level
of the choroidal ﬁssure. In seven of these
patients, the epileptogenesis was not con-
cordantwith the location of the cyst. In con-
clusion, they suggest that these cysts are
often incidental ﬁndings and do not neces-
sarily reﬂect the location of the seizure fo-
cus. Sherman et al. (19) describe ﬁve pa-
tients with a seizure disorder, none of them
electroencephalographically correlated to
the cyst location.
Millichap (9) describes three patients
with a temporal arachnoid cyst, one of them
being a choroidal ﬁssure cyst, presenting
with ADHD. He suggests a relationship be-
tween the cysts and ADHD because of the
associated learning and language disabili-
ties that may be explained by temporal lobe
and Sylvian region pathology. In these
cases, other causes of ADHD were ruled
out. All patients were treated nonsurgically.
In our series, one patient with a CSF-con-
taining cyst in the right choroidal ﬁssure
presented with ADHD. His disorder was
treated with methylphenidate, and the cyst
was considered not responsible for his
symptoms.
One of our patients presented with nar-
colepsy and subsequent learning difﬁcul-
ties. Nakano andOgashiwa (13) describe an
arachnoid cyst in the cerebellopontine an-
gle and complete remission of narcolepsy
after surgical treatment. Lesions in the
brainstem or diencephalon have been de-
scribed as a cause of narcolepsy. No rela-
tionship between a choroidal ﬁssure cyst
and narcolepsy has ever been suggested. In
our case, the choroidal ﬁssure cyst was also
deemed asymptomatic.
CONCLUSIONS
CSF-containing cysts at the level of the cho-
roidal ﬁssure are embryological lesions that
are rarely described in the literature because
of their benign nature and tendency to be
asymptomatic. They can be of the arach-
noid type, and they are probably similar en-
tities as the rarely described intraventricular708 www.SCIENCEDIRECT.comnto the temporal horn. They could also be
f the neuroepithelial type. Because of the
lose relationship with the choroid plexus
f the temporal horn, theymight be choroid
lexus cysts. All six cases ofCSF-containing
ysts in our series were considered a fortu-
tous diagnosis, and surgical treatment was
ot considered.
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